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(54) BHPOLAR TYPE SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the connecting resistance of an intrinsic base 
and an electrode polysilicon by a self-alignment bi-polar transistor whose base layer 
is formed by selective epitaxial growth. 

SOLUTION: A polycrystalline silicon layer 13 is selectively grown at the opening side 
wall lower part and side face of a polycrystalline silicon layer 8 for a base electrode 
having a hood-shaped structureand at the time of connecting the polycrystalline 
silicon layer 8 with an intrinsic base layer 12the polycrystalline silicon layer 8 is side 
etched by 1/2 of the thickness of the polycrystalline silicon layer 13 or more than an 
upper insulating layer. Thusa bi-polar transistor having a sufficient pressure 
resistance to a low base resistance can be obtained. 



CLAIMS 



[Claim(s)] 

[Claim 1]In a bipolar type semiconductor device by which a p^ type polycrystalline 
silicon layer for base electrodes is connected with a true nature base layer via a p* 
type polycrystalline silicon film for connectionThe side of this p^ type polycrystalline 
silicon layer is retreated from a side position of the 2nd insulator layer formed in this 
p* type polycrystalline silicon layer upper partA bipolar type semiconductor device 
with which it comes to form this p" type polycrystalline silicon film in an eaves-like 
structure part formed with all the sides of this p^ type polycrystalline silicon layerand 
the 1st insulator layer of the p"" type polycrystalline silicon layer lower part. 
[Claim 2]The semiconductor device according to claim 1 wherein a retreat amount 



from said second insulator layer is 1/2 or more [ of thickness of a film of said p"^ type 
polycrystalline silicon film for connection ]. 

[Claim 3]The semiconductor device according to claim 1 or 2wherein the first 
insulator layer is silicon oxidesilicon nitride filmsor such bipolar membrane. 
[Claim 4]A semiconductor device given in any 1 paragraph of claims 1 thru/or 
Swherein the second insulator layer is a silicon nitride filmsilicon oxideor these 
multilayer films. 

[Claim 5]A manufacturing method of a semiconductor device characterized by 
comprising the following. 

A process of forming the first insulator layerp* type polycrystalline silicon layerand 

second insulator layer one by one on a n type semiconductor layer. 

A process of forming an anisotropic etching dehiscence mouth one by one by PR for 

a part of second insulator layer and p"^ type polycrystalline silicon layer. 

A process which etches the side of a p* type polycrystalline silicon layerand is 

retreated from a side position of the 2nd insulator layer. 

A process in which carry out isotropic etching of said first insulator layerand expose 
said n type semiconductor layer surfaceand retreat the first insulator layer side from 
the side of a p^ type polycrystalline silicon layerand an eaves-like structure part is 
made to formA true nature base layer is grown up into the n type semiconductor layer 
surface by an alternative crystal growth methodAnd a p* type polycrystalline silicon 
film is grown up into all the sides and the bottom of a p^ type polycrystalline silicon 
layer which were exposed in an openingAnd a process formed so that said n type 
semiconductor layer may be connected on the bottom and the side of said p* type 
polycrystalline silicon film and a process of forming silicon oxide in the side of said 
second insulator layer in said openingand said p^ type polycrystalline silicon film. 

[Claim 6]A manufacturing method of the semiconductor device according to claim 
5wherein a retreat amount from said second insulator layer is 1/2 or more [ of 
thickness of a film of said p* type polycrystalline silicon film for connection ]. 
[Claim 7]A manufacturing method of the semiconductor device according to claim 5 
or 6wherein the first insulator layer is silicon oxidesilicon nitride filmsor such bipolar 
membrane. 

[Claim 8]A manufacturing method of the semiconductor device according to any one 
of claims 5 to 7wherein the second insulator layer is a silicon nitride filmsilicon 
oxideor these multilayer films. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Field of the InventionjEspecially this invention relates to the semiconductor device 
which reduced the connection resistance of a true base layer and an extraction 
electrode about a bipolar type semiconductor device. 
[0002] 

[Description of the Prior ArtjThe example of the conventional bipolar transistor is 
indicated by the publication-of-patent-applications common 05-235017. This is 
shown in drawing 3 . 

[0003]The indicated conventional bipolar transistorOn the surface of the p'type 
silicon substrate 101 which resistivity is 10-20 ohm-cmand (100) has a plane 
direction. It has the n"" type buried layer 102 and the p* type buried layer 103 for 
channel stoppersit has concentration abbreviation 1x10 ^^cm'^ and the n type silicon 
epitaxial layer 104 about 0.4 micrometer thick on themThe silicon nitride film 106a 
which separates the localized-oxidation-of-silicon layer 105 for separating between 
elementsthe n* type Lynn diffusion zone 109 as an object for collector-electrode 
drawersthe polycrystalline silicon layer 108 for base electrodesand an epitaxial layerit 
has the single crystal emitter 116 with which the polycrystalline silicon film 113 and n 
type impurity which connect p type 3x10 ^®cm"^the 60 nm (nano meter)-thick single- 
crystahsilicon intrinsic base layer 1 12the intrinsic base layer 1 12and the 
polycrystalline silicon layer 108 were added. A basean emitterand a collector region 
have the polycrystalline silicon layer 108 for base electrodesthe polycrystalline silicon 
layer 107 for collector electrodesand the polycrystalline silicon layer 1 15 for emitters 
respectivelylt has aluminum system electrode 1 17 via the silicon oxide 1 10a which 
has separated a metal electrode and the polycrystalline silicon for electrodes. 
[0004] 

[Problem(s) to be Solved by the Invention]Although the polycrystalline silicon layer 
1 13 for true nature base cash drawers which connects the polycrystalline silicon layer 
108 for base electrodes and the intrinsic base layer 1 12 is formed in the bottom and 
the side of the polycrystalline silicon layer 108 for base electrodes in this 
conventional technologySince it has not provided all over the polycrystalline silicon 
layer 108 sideconnection resistance does not become small enough. The connection 
with the intrinsic base layer 1 1 2 was mainly made only in the lower part of the 
polycrystalline silicon layer 1 13and since it was connected when a field and a field 
contactthis field originated in the heterogeneity of growth thicknessand contacted 
only partlybut had the problem that contact resistance did not become small enough. 
[0005] 

[Means for Solving the ProblemjWhen a semiconductor device of this invention grows 
up selectively an intrinsic base layer and a p* type polycrystalline silicon film for 
connectionRather than the side of insulating layerssuch as an upside silicon nitride 
filmexpose the whole side of a p"^ type polycrystalline silicon layer for base 
electrodesmake it retreat furtherand a p"" type polycrystalline silicon film for 
connectionin order to be connected on an intrinsic base layerthe sideand the bottom 



and to make large connection width in the p"^ type polycrystalline silicon film 
sideinsulator layerssuch as silicon oxide in the lower part of a p* type polycrystalline 
silicon film for base electrodesare made thinner than a Prior art. 
[0006]Namelyin a bipolar type semiconductor device by which a p"^ type polycrystalline 
silicon layer for base electrodes is connected with a true nature base layer via a p* 
type polycrystalline silicon film for connection as for this inventionThe side of this p"^ 
type polycrystalline silicon layer is retreated from a side position of the 2nd insulator 
layer formed in this p* type polycrystalline silicon layer upper partit is a bipolar type 
semiconductor device with which it comes to form this p"^ type polycrystalline silicon 
film in an eaves-like structure part formed with all the sides of this p^ type 
polycrystalline silicon layerand the 1st insulator layer of the p* type polycrystalline 
silicon layer lower part. 

[0007]In above-mentioned this inventionit is preferred that a retreat amount from 
said second insulator layer is 1/2 or more [ of thickness of a film of said p* type 
polycrystalline silicon film for connection ]. 

[0008]In the above or the aboveit is preferred that the first insulator layer is silicon 
oxidesilicon nitride filmsor such bipolar membrane. 

[0009]In the above or the aboveit is preferred that the second insulator layer is a 
silicon nitride filmsilicon oxideor these multilayer films. 

[001 0]A thing this invention is characterized by that comprises the following and 

which also provides a manufacturing method of a semiconductor device. 

A process of forming the first insulator layerp* type polycrystalline silicon layerand 

second insulator layer one by one on a n type semiconductor layer. 

A process of forming an anisotropic etching dehiscence mouth one by one by PR for 

a part of second insulator layer and p" type polycrystalline silicon layer. 

A process which etches the side of a p"^ type polycrystalline silicon layerand is 

retreated from a side position of the 2nd insulator layer. 

A process in which carry out isotropic etching of said first insulator layerand expose 
said n type semiconductor layer surfaceand retreat the first insulator layer side from 
the side of a p^ type polycrystalline silicon layerand an eaves-like structure part is 
made to formA true nature base layer is grown up into the n type semiconductor layer 
surface by an alternative crystal growth methodAnd a p* type polycrystalline silicon 
film is grown up into all the sides and the bottom of a p"^ type polycrystalline silicon 
layer which were exposed in an openingAnd a process formed so that said n type 
semiconductor layer may be connected on the bottom and the side of said p^ type 
polycrystalline silicon film and a process of forming silicon oxide in the side of said 
second insulator layer in said openingand said p^ type polycrystalline silicon film. 

[001 1]It is preferred that a retreat amount from said second insulator layer is 1/2 or 
more [ of thickness of a film of said p* type polycrystalline silicon film for connection ]. 
[0012]It is preferred that the first insulator layer is silicon oxidesilicon nitride filmsor 



such bipolar membrane. 

[0013]It is preferred that the second insulator layer is a silicon nitride filmsilicon 

oxideor these multilayer films. 

[0014] 

[Embodiment of the Invention]In this inventionthe silicon nitride film 10 which is the 
type polycrystalline silicon layer 8 and the second insulator layer which are the silicon 
oxide 6 and the semiconductor membrane for base electrodes which are the first 
insulator layer is formed one by one on the n type silicon layer 4 which is a n type 
semiconductor layer (for examplerefer to (a) of drawing 2 )PR and anisotropic etching 
remove a part of silicon nitride film 10 which is the second insulator layerand p* type 
polycrystalline silicon layer 8. 

[0015]Nextby retreating all the sides of the p"^ type polycrystalline silicon layer 8 
rather than the side of the silicon nitride film 10 which is the second insulator 
layerWhen growing up the intrinsic base layer 12 selectivelythe p^ type polycrystalline 
silicon film 1 3 simultaneously formed in all the sides of the p"^ type polycrystalline 
silicon layer 8 is kept from jumping out too much inside an opening. The quantity 
retreated from the side of a silicon nitride film carries out 1/2 or more [ of the 
thickness of the p"^ type polycrystalline silicon film 13 ]and more desirable retreat 
comparable as thickness preferably. Resistance to an electrode becomes large and 
inconvenience produces an excessive retreat. 

[0016]Thenby exposing the n type silicon layer 4and forming an eaves-like structure 
part in the lower part of the p+ type polycrystalline silicon layer 8and performing the 
post selection crystal growth by carrying out isotropic etching of the silicon oxide 6 
which is the first insulator layerThe intrinsic base layer 12 containing boron is formed 
in the n type silicon layer 4 surfaceand the p^ type polycrystalline silicon film 13 is 
formed in all the sides and the lower part which the p^ type polycrystalline silicon 
layer 8 exposed simultaneously. 

[0017]It is connected certainly continuouslywithout the p* type polycrystalline silicon 
layer 8 surface which are the p"^ type polycrystalline silicon film 13 and an intrinsic 
base layer sandwiching an interface by the upper surface of the intrinsic base layer 1 2 
and the bottom of the p* type polycrystalline silicon film 13 contacting in the middle 
of growthand also growing up. Therebythe base resistance produced by connection 
can be reduced further. 

[001 8]A single crystal may be sufficient as the p^ type polycrystalline silicon layer 
8and bipolar membrane with the low resistance film which has the heat resistance of 
about 950 **such as a high melting point metal silicide layermay be sufficient as it 
[0019]When the composition of the silicon nitride film 10 which is the silicon oxide 6 
and the second insulator layer which are the first insulator layer carries out isotropic 
etching of the silicon oxide 6 which is the first insulator layerthe silicon nitride film 10 
which is the second insulator layer is almost made not to be etched. Although it is 
common to make it the surface serve as a silicon nitride film at least as for the silicon 



nitride film 10 whose surfaces are silicon oxide and the second insulator layer at 
leastother composition is possible for the silicon oxide 6 which is the first insulator 
layer. 
[0020] 

[Example]Nextthis invention is explained with reference to drawings. 
[0021]Example 1 drawing 1 is drawing of longitudinal section of the semiconductor 
device used as the first example of this invention. Although a npn type bipolar 
transistor is explainedthe same may be said of a pnp type. 

[0022]The resistivity of the semiconductor device of this invention is 10 - 20 ohm-cm. 
(100) It has the p" type buried layer 3 used as the n"" type buried layer 2 and a 
channel stopper on the p"type silicon substrate 1 surface of a plane directionit has 
concentration abbreviation 1x10 ^^cm"^ and the n type silicon layer 4 about 0.4 
micrometer thick on themand has selectively the localized-oxidation-of-silicon layer 5 
of the oxide film which reaches a semiconductor substrate from the n type silicon 
layer 4 surface. 

[0023]The silicon oxide 6 which is the first insulator layer is formed on the n type 
silicon layer 4 and the localized-oxidation-of-silicon layer 5It has the n"" type 
polycrystalline silicon layer 7 which serves as a collector electrode at one side of the 
opening selectively provided in the field without a localized-oxidation-of-silicon 
layerand has the n"^ type silicon field 9 caudad from the surface of the n type silicon 
layer 4 which touches the n"^ type polycrystalline silicon layer 7. 
[0024]In the circumference upper part of the opening of another sideit has from an 
opening the p^ type polycrystalline silicon layer 8 for base electrodes which projected 
only fixed length horizontally on an openingand has in it the silicon nitride film 10 
which is the second insulator layer projected horizontally on an opening rather than 
the p^ type polycrystalline silicon layer 8 on it. 

[0025]Boron concentration on the n type silicon layer 4 inside an opening 
Abbreviation 3x10 ^®cm"^Thickness has the intrinsic base layer 12 which is about 60 
nmand is connected with the bottom of the p* type polycrystalline silicon film 13 and 
the side which were established in all the sides and the bottom of the p* type 

polycrystalline silicon layer 8. 

[0026]In the opening side face around the intrinsic base layer 12it has the silicon 
oxide 14 which touches the intrinsic base layer 12It has the emitter 16 on the 
intrinsic base layer 12 surface in the opening formed of the silicon oxide 14It has the 
n"" type polycrystalline silicon layer 15 in the upper partand has aluminum system 
electrode 1 7 in the opening selectively provided in the upper part of the n* type 
polycrystalline silicon layer 7 and the p* type polycrystalline silicon layer 8and on the 
n^ type polycrystalline silicon layer 15. 

[0027]Nextthe main making processes of the semiconductor device which serves as 
the 1st example of this invention using drawing 2 are shown. 



[0028]An n-type semiconductor (n type silicon layer 4) is formed by epitaxial growth 
after forming the n" type buried layer 2 which made the p"type silicon substrate 1 
shown in drawing 1 diffuse arsenicand the p"^ type buried layer 3 which diffused 
boronand the localized-oxidation-of-silicon layer 5 is formed by the selective 
oxidation method by a nitride and PR. Thenthe silicon oxide 6 about 40 nm thick is 
grown upand only the field which forms a collector electrode carries out the opening 
of the silicon oxide 6. 

[0029]Nextthe portion which serves as a collector electrode and a base electrode by 
the growth back PR in the polycrystalline silicon layer 8 about 200 nm thick is 
formedLynn is made a collector-electrode partthe ion implantation of the boron is 
carried out to base electrode partsand the n^ type silicon field 9 is formed in the n* 
type polycrystalline silicon layer 7 lower part which serves as a collector electrode by 
performing heat treatment after forming the silicon nitride film 10 in the whole surface. 
[0030]Nextit advertises on the p* type polycrystalline silicon layer Band an opening is 
provided in the silicon nitride film 10 and the p* type polycrystalline silicon layer 8 by 
anisotropic etching ( drawing 2 (a)). 

[0031]Nexta p^ type polycrystalline silicon layer side position is retreated from the 
side position of the silicon nitride film 10 by carrying out isotropic etching of the p^ 
type polycrystalline silicon layer SSubsequentlyby etching an oxide film using dilution 
fluoric acid liquidthe n type silicon layer 4 is exposedand also an eaves-like structure 
part is provided in the p^ type polycrystalline silicon layer 8 lower part ( drawing 2 (b)). 
As an example of the method of retreating the p* type polycrystalline silicon layer 
8there are a method of exposing to isotropic plasma gas and the method of carrying 
out isotropic etching with the mixed liquor of fluoric acid and nitric acid. 
[0032]NextSiMBE (molecular beam epitaxy) or ultrahigh-vacuum CVD (UHV/CVD) art 
of gas sauce performs alternative crystal growth. As a resultthe p* type 
polycrystalline silicon film 13 is formed in the n type semiconductor layer (n type 
silicon layer 4) surface at the intrinsic base layer 12the p"^ type polycrystalline silicon 
layer 8 all sideand the bottom. Under the present circumstancesit is connected 
certainly continuouslywithout the p* type polycrystalline silicon film side and the 
intrinsic base layer surface sandwiching an interface by the p^ type polycrystalline 
silicon film 13 contacting the intrinsic base layer 12 in the middle of growthand also 
growing up the intrinsic base layer 1 2. As an example of the alternative crystal growth 
of the p"" type polycrystalline silicon film 13 ( drawing 2 (c)) which grew up to be all the 
sides of the p"" type polycrystalline silicon layer 8when based on the gas sauce 
SiMBEit is the substrate temperature of 560 **and about SigHeiTOsccm. 
[0033]Nextthe silicon oxide 14 is formed in the opening paries medialis orbitae by 
anisotropic etching after forming silicon oxide in the whole surface. 
Subsequentlypolycrystalline silicon is selectively grown up into the silicon surface in 
an openingthe n"^ type polycrystalline silicon layer 15 is formed by carrying out the ion 
implantation of the arsenic and heat-treating itand also arsenic is spread from it to 



the intrinsic base layer 1 2and the emitter 1 6 is formed ( drawing 2 (d)). Nextthe 
semiconductor device of drawing 1 is realizable for the silicon nitride film 10 after a 
contact opening by forming aluminum system electrode 17 on each polycrystalline 
silicon layer for electrodes. 

[0034]As for the retreat amount of the type polycrystalline silicon layer 81/2 or 
more [ of the amount of growth to the side of the p^ type polycrystalline silicon film 
13 ] is preferredand it retreats an amount of growth and a said grade more preferably. 
Under the present circumstancesalthough dispersion comes out of the p* type 
polycrystalline silicon film 1 3 to thickness by the plane direction of the silicon crystal 
exposed to all the sides of the p* type polycrystalline silicon layer 8By retreating the 
p"" type polycrystalline silicon layer 8 according to desired thicknessSince it can press 
down that a polycrystalline silicon film jumps out too much inside an openingand an 
opening size can be stabilized and the size of the silicon oxide 14 can be 
stabilizedpressure-proofing between emitter bases can be stabilized. 
[0035]Example 2 — this example is a case where silicon oxide is used instead of the 
silicon nitride film 10. In this caseinstead of the silicon oxide 6make the lower part 
into the silicon oxide 6and the upper part is made into the two-layer structure of the 
silicon nitride film 6aThe etching quantity of the silicon oxide 10a can be minimized by 
etching the silicon oxide which carried out isotropic etching of the silicon nitride film 
6a instead of carrying out isotropic etching of the silicon oxide 6 in drawing 2 (b)and 
was exposed after that 

[0036]In this inventionthe emitter 16 may be selectively grown epitaxially like the 
intrinsic base layer 1 2. 

[0037] Resistance of a base electrode can be reduced by considering it as the two- 
layer structure in which the film which has the heat resistance of not less than 950 
**such as a WSi (tungsten silicide) layerfor the p* type polycrystalline silicon layer 8 
top on the upper surface was formed. 
[0038] 

[Effect of the Invention]As shown aboveaccording to this invention(l) base drawer 
resistance can fully be reduced. Since connection in the side can increase 
furtherresistance can be lowered and the side etch of the silicon oxide 6 can be 
lessened if the silicon oxide 6 is made still thinnerbase collector junction area 
becomes small and miniaturization and low capacity-ization can also be realized 
simultaneously. 

(2) Since neither an emitter size nor the pressure-proofing between emitter bases is 
affected even if dispersion arises by a plane direction in the poly growth thickness 
from the base-electrode sidein order to retreat the base-electrode side from the 
upside nitridethe stable transistor can be provided. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing of longitudinal section of the semiconductor device by the first 
example of this invention. 

[Drawing 2] The sectional view of main processes showing the first example 
manufacturing method of this invention. 

[Drawing 3] The sectional view showing the semiconductor device of conventional 
technology. 

[Description of Notations] 

1 p'type silicon substrate 

2 n^ type buried layer 

3 p"^ type buried layer 

4 N type silicon layer 

5 Localized-oxidation-of-silicon layer 

6 Silicon oxide 

6a Silicon nitride film 

7 n"^ type polycrystalline silicon layer 

8 p"^ type polycrystalline silicon layer 

9 n* type silicon field 

10 Silicon nitride film 
10a Silicon oxide 

1 1 Silicon oxide 

1 2 Intrinsic base layer 

1 3 p* type polycrystalline silicon film 

14 Silicon oxide 

1 5 n^ type polycrystalline silicon layer 

16 Emitter 

1 7 aluminum system electrode 
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[0 0 1 31 s-©i»&iiii«55/u=i>gfbis^fctt«>'; 

[00 14] 



ii 6 . ^-7.wmmH^mwmT'io^ p +^^$Sb^-> u □ 

8 . M^©$6litlST'*S5/ U □ >S^blS 1 0 ^mk 

mmL mximio) (a) #pb) . pRu^zfmij^ 
X':/^y<?'iz^ vm-(ommmi:'&^'y u □yg^b^ 1 
0 Jid;lf p+M^)Sb^b-> 'J □ >s 8 ©-gp^i^^r <5. 

[0015] mz. p +s^Sb1-> 'j □ 8 (o^mm 
^m-(Dmml:'^^'y*Jziym^tm^ o©iwis«fcyt 

m-^^^mc p +s#^B%-> 'J n >ji 8 cD^f jsicifiBt 

IcjfJfiK* tiS p +S^^B^B-> 'J □ >/i 1 3 <)^FJPrtgptc 

[0 0 16] ^©m. M-©i!ifeiiJiT-SS->'J=ivSHb 
fli 6 ^ ^:)^1tx «y ^ > ^ d ,»: ic J: y n 'J n 
4^SaiU Aop+S^I^B^B-vynviStDTSPtcD- 

^-xiii i^mmu im^icp+s^jSB^B-vuuvii 

[0 0 17] mtt^-XSI 2(D±Si:p+S^JgB^B-> 

u n »i 1 3 (ommii&m^^T'mm u mz^mt^ 
z.tT'p*m^1S^'y'J^ym^ 3tM^^-7.mT*& 

5 p ^m^f^^B -> 'J □ >i 8 mmt)^wm^mts c i: ^ < 

c^^~7.mifi^mizis.mt^zLti}^T-^^o 
[0 0 18] pm^m^'yv^ymsit. miSB^BTt. 
j:<> ttcs mj^^'y*)^^ mm(j)9 5 o°csjs 

[0 0 19] m-oyfmm-^&^yj^ymitmetm 
-(Dimmv^ « -> 'J u ymtm 1 0 (ommt. m-(o 

immz^io^'y'J^ymitme^m-^^JL'y^y^ft?) 

mzm-cDtmmz'ii^'y'jziymitm 1 otmth^ 

JL^^y'ir-inrjii^^oizt^o ^-(DfmmT'Si^'y 
'J =] ymitm 6 it'pt^ < ta®*^-> n >K<bli^ ^ 

-©iSifeiii^T-s ymitm 1 0 < 1 1 
[002 01 

So 

[00 2 1] HfiS^JI 

Re-rs*^ pnps^c■^^,^Tt>l^^iT'S5o 

[0 0 2 2] *^^Oi»£aj(*ilHtt. Stt;$6M0~2 




10l7cm-3, /i*^0. 4/jm<7)nSe/'j3>Ji4^ 

[0023] n-(OtmmV^^'y *J □ yBMbffll 6 jB^ n 
m'y 'J □ >M 4 Ji J:lf P n X» 5 ±lJ:iglt 6tiTfc 

□=lxa^D^t^^^^<:aJ^w^c:ig^tetl/^:P»g□(D-:^^c 

[0 0 2 4] fte??<7)F,aP0jlll±g|5tCli. P,IP<)^S-^ 

[0 0 2 5] F,IPrtg|5(DnS->'j3>^4±lCli<KP> 
}Bmi3^f^ 3 X 1 0 18 c m-3, Jp;**^^ 6 0 n mT-$-5H 
1 2 ^ W p + S^!gB^B-> U Zl >e 8 

fflisjj j:yiEiiicgtt sny-c p + m^i^iai/ □ vis i 
[0 0 2 6] mn^-xm 1 2 0^ii(DF»ip#jffiic{ie 

tt^-x/ii 2tcgr^i/uri>K<b^i 4^WU 
y □ >K<k/i 1 4 J; o Tff^^* tl/i:g|Pl^(DM14'^- 

2a®icx=y^n 6^wu ^(D±mzn+ m 

'J I] 1 5 ^ W n + m^m^ai/ 'J □ >Ji 
7 fccfcU" p + m^m^B'y □ >^ 8 CD±g|5lCg|55JWlC^ 
ttetl/i:F»gPaJF«3. fc«i:U'n+ S^lgali/'JUVJil 5 
±Ij:a I I^S^li 7^WTS, 
[0 0 2 7] ;MC^ EI2^ffll>T*«^0SI1<DII«S«y 

[0028] m^\t7Jktp- mi/'j^ymi&Mz\im^ 

ffil)f*ii/cn+ iJmji2. fcckl>'<}fpy:&}aU(*iJ:/c 
p+ SJ13iJi3^fUfiK^. xe^+->-v;U^^l<:d:tln 
S¥llf* (nS->';3>ji4) ^fl^figU Sfblgi:PR 
lCc!:5^iRK^b>itCj:yp=l7.fl5^ffM-r5o 
^t. Jl*.^4 0nmCD->'J=l>K<b^6^^mL. =1 U 

[0 0 2 9] 5fclcli*lS«j2 0 0 nm©^lieaS/ga»l 

^^sp^j^ff^fiKu :3\y<7^mmmc{tvy^. ^-x 

mmmatt^ay^-f:t-y-M\U ^miz'yijziymit 

«n+ Si^l(ga->'J3>S7T§l5lCn+ 

[0030] p+ §y^ligB°B->U=l>S8±lCPR 

^j56U SJ^ttx^^^v-j^icJcyv/UavMib^l Ofc 

<fcl/p+ S^JgaVVUnVjiSlCFjiP^ISttS (02 



[003 1] ;^ulc. p + m^i^FB'y U =i >S 8 
X -y ^v^ff S C <!: J: y p+ S^JSa^B-V 'J u >jif JiB 

tes^-> u =] vg^bM 1 0 mmami: v mm^s :k 
t^T•#fR»if•;]S^fflt^T^^bM^x -y f^>-5fr § ii <h ic 

<»: y n Mi/ U n >Ji 4 ^Stil i-it. MIC p + m^B^i/ 
i; □ 8 TSPlCtM^ LWijgg|J»«Slt 5 (El 2 
(b) ) . p+ ^^SKbV>'J3>H8$^jI*^«3?S6 

[0 0 3 2] ii'XV -7.(05 i M B E (5J?iiiX 

SrcttSiSJiaCVD (UHV/CVD) 

sriiCcfeyjitRWieaiifi8g€?T3, ^©i^s. nm^m 

m (n§y->';=]>14) affilcMtt^-XHI 2. p 
+ S^!gB^B->U=i>ii8^aiJSJ5d;0-|gSlcp+ S^i^ 

tt'^-xBi 2tp+ s^iga->';3>iii 3mm 
u 2^fiK^*-a-sctTp+s^ 
is$a^B-> u □ >iifii JStKtt^-x®a®6^i?®^fe^t? c 
<!:^<^i!u li^icgiSiit-nSo ^tc. p+ s^i^a^a 

'J □ >S 8 ©^filjatCfigS Lfc p + ^^lga^a-> 'J □ > 

igi 3 (02 (c) ) (omsiffii^^Bmmoy-mtLT 

It. IdXV-XS i MBEti:J;5^^ttgtB>SS5 6 0 
°Cs S i 2 He : 7 0 s c c mSltT-feSo 
[0 0 3 3] ±ffilC->'j3>i!^blS^JlJAg^> S 

*14x y^y^iz^ y BiPrt«iJMtc-> u □ ymtm i 4 

^mmt^o ;^<:i^Tf»aPF«3-> u □ vaEicii^wic^js 

tl*^etm«^mi4^-7.ii1 2'\i:Jj£|fcLTX = 'y^1 
6*^mfi8?n« (E2 (d) ) o ^\z'yi)ziym\tm 

o\z^y^^v ma^. ^nmm^^ai/ v =i ym±iz 

[0034] p + m^m^B'y 'J □ yji 8 ©^jiMtt. p 
+ s^nsns^ u □ >is 1 3 ©ffiijiB'\0figm»0 1 / 2 j-x 

■sSo zom. p+ s^iSB^a->'>/=j»ii 3(ip+ 

,^B^B*> U □ 8 ©^tJStCSaJ L/c-V y □ >^a°a<^® 

CTp+ S!^j|Sa->Uu>'S8«^®?^SCi:lc«fc 

y > BaPl*ia5lc^^Bl-> 'J □ VHft^jg^lcfRO-'tUTil <!: 
^Jf*;^. rJP^^;£^$^^b^■y:«c:<!:)b'«^*> ^tc. 

U n v^ibH 1 4 (DrJ-^^S^* -SS c: iisb^rt « c 
i6^6. X = y ^f-'>«-XF^iBE«SSfbT'#5o 
[0 0 3 5] IIS&«y2 

z. oymmnt. i/ u n ymitm i o (Di^t> v ic 
itmeoiwjiz. T^^'y^j^ymitme. ±3^'y 

Ui3>g<bli6a©-Ji1iigtU 02 (b) tcfcW 



i/ 'J n ymtm^T. y > S c i: ic J: y . 
[0 0 3 6] XS-y-JJ 1 e^Kls^: 

[003 7] */c, p+ §y#/^B^B-> U □ >a 8 ±^^(0 
±®ti:WS i (^>-J^Xx>->'J-y-'r K) ^l|tD9 5 0 

[0 0 3 8] 

(1) ^-7.^\itiiLmi^n^izis.ui:^^^o 



m 2 ] :^w^<o^-<Dmmm^fmf5mmt^miM 
[03] fie3i5ario¥»*t:gi^/T^i-iSrsi2io 



1 

1 


p s^v -J 


Z 










n Sl V 'J -J x/s 


o 


m ^ "7 S 


o 




o a 


-1 yMiCm 


7 


A. Xtl 1 B ^ > ■ 1 — ^ . I=a 


8 




9 


n+ M->y3>^fiE 


1 0 




1 0 a 




1 1 




1 2 




1 3 




1 4 




1 5 




1 6 


x5'y^ 


1 7 


A 1 



[ISI21 



8 



17 HHk^m 

8 

.10 i/i/ayS-ffcJR 
7 n^«aj^j3>;i 

5 □□XJS 

2 n-^SJtfiJl 

'13 P"'**ISS2/»JDy«") 

4 nivjiy* 




(a) 



lb) 



to 




^10 S/'J3>»h« 
-4 nSytj^yj 




12 SB.<"7^ 

13 P*?i*ieafoayjR 



15 n*«*eayo3>;B 
'14 3"J3yaMfcJ» 




[g|3] 
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